To describe the consumption of alcoholic beverages in a German wine area, with special attention to the number of people drinking more than the tolerable upper alcohol intake level (TUAL). Methods: A cross-sectional study was conducted using a mailed questionnaire, to investigate the weekly consumption of wine, beer, and spirits during the preceding 12 months in Mainz, the state capital of Rhineland-Palatinate, Germany. The analysis included 948 responders aged 20-69 years. Results: A total of 948 respondents, with a mean age of 43.7 years, were included in the analysis. About 85% of the respondents consumed alcoholic beverages, with an average of about 13.5 g alcohol/day. Men drank about twice as much as women. In total, 30% of women and 24% of men reported drinking more than the TUAL, and 9.2% of women and 7.2% of men reported drinking more than twice as much as the TUAL. The highest proportion of persons drinking more than the TUAL was found among elderly people. The preferred beverage was wine, which contributed 74% (for women) and 54% (for men) to the total alcohol intake. On average, the respondents drank 2.8 glasses of wine per week, 1.4 bottles beer, and negligible amounts of spirits. Conclusion: Wine was the preferred alcoholic beverage in Mainz, which was expected for people living in a wine area. A rather large number of people, especially among the elderly, consumed alcohol in an amount higher than the TUAL which may be harmful to health.
Introduction
Alcohol has been consumed all over the world for thousands of years. 1−3 It is produced by the fermentation of aging grapes and fruits. Throughout history, this natural process has been used and refined to obtain different alcoholic drinks. The reasons for their preferred consumption may be that these drinks were safer than water historically, in addition to their use for entertainment. With time, the quality of alcoholic drinks increased, and various different beverages are now available, such as beer, wine, and spirits. These are all produced in different ways, but a major difference is the alcohol content of the final products, which is about 4%-5% in beer, 10%-15% in wine, and more than 30% in spirits. Preferences for the various beverages vary between nations, regions, age, gender, and social classes.
The associations between alcohol and health have been investigated in many studies. Alcohol is thought to be responsible for damage to several organs, including the heart, pancreas, brain, nervous system, and liver, resulting in several severe and chronic diseases, such as liver insufficiency and cirrhosis or pancreatitis. Heavy alcohol drinking is also related to an increased risk of various types of cancer, especially of the gastrointestinal tract. 4−10 While several of these diseases are thought to be a consequence of high levels of alcohol, some other scientific contributions suggest health benefits when moderate amounts of alcohol are consumed. 11, 12 The reasons behind this may be the tendency of alcohol to inhibit coagulation and to increase high-density lipoprotein (HDL)-cholesterol. 13 But especially in wine, other ingredients than alcohol are described to have protective attributes, such as resveratrol and other polyphenols. 14−18 However, the continuing controversy seems especially to be related to the amount of alcohol consumed, the kinds of beverages, and drinking patterns in the different areas as well as many cofactors, such as smoking and eating habits. The factors are not completely understood yet. 19−21 Tolerable upper alcohol intake levels (TUAL) were defined 20 in order to provide an alcohol intake level that is generally considered not to harm health. In Germany, for men, 20-24 g alcohol/day/person and for women 10-12 g alcohol/day/person was suggested. 20 Our study focused on the alcohol consumption of adults in Mainz, the capital city of the state of Rhineland-Palatinate located in a wine area in Germany. We investigated the amount of consumed alcohol and the preferred alcoholic beverages as well as the number of people drinking more than TUAL, with respect to age and gender.
Methods

Study population and questionnaire
A cross-sectional study, to investigate the prevalence of wine intolerance, was conducted in 2010 in Mainz, Germany. 22 In this study, we analyzed the answers to the questions about the weekly consumption of alcohol (by wine, beer, and spirits) during the last year.
The study population was drawn from the Population Registration System in Mainz. A total of 4000 randomly selected people aged between 20 and 70 years were asked to answer a mail questionnaire and a total of 1114 questionnaires were returned. Of these, 166 people were excluded due to at least one missing answer in the main question concerning alcohol consumption. For the final analysis, 948 questionnaires were included, which were the same people as in a previous analysis on intolerance against wine. 22 The respondents included 429 (45.3%) men and 519 (54.7%) women, with a mean age of 43.7 years ( Table 1) .
The study was approved by the Data Protection Officer of the Mainz University Medical Center and by the Ethics Committee of Rhineland-Palatinate.
Statistical analyses
The respondents were classified in age groups of 20-29, 30-39, 40-49, 50-59, and 60-69 years. Descriptive analyses were performed using tables and adequate figures. When consumption of alcohol between age groups was compared, a P-value based on the Mann-Whitney U test, was calculated. As this was an explorative study, we have chosen not to employ the term "statistically significant" but rather, to discuss differences that cannot be explained by random variation only. Statistical analyses were performed with SPSS version 19.0 (IBM, Armonk, NY, USA) statistical software package for Windows.
Results
Abstainers
Of the 948 respondents, 148 (15.6%) reported consuming no alcohol at all. The percentage of these abstainers in relation to age and gender is shown in Figure 1 . In total, about twice as many women (20.8%) compared with men (9.3%) did not drink alcohol. No association with age was observed for men; however, 24% of middle-aged women (30-39 years) reported abstention compared with 16% of elderly women (60-69 years). Consumption of wine, beer, and spirits A total of 800 respondents (84.4%) reported consuming alcoholic beverages. The majority (726) of people consumed wine, while 467 consumed beer, and 172 consumed spirits. The consumption of wine, beer, and spirits was compared with respect to age and gender (Tables 2 and 3) . Table 2 includes all 948 respondents, ie, nondrinkers were also considered in the analysis. In contrast, Table 3 only considers respondents drinking alcohol. Men drank more than women with respect to beer and spirits (P , 0.01), while no difference was observed for wine consumption (P = 0.399).
Wine
On average, of all respondents, men drank about 3.2 glasses wine per week and women about 2.4 glasses (Figure 2A ). Wine consumption was highest in elderly people. While people younger than 40 years drank less than two glasses, people in the age group of 60 to 69 years had a wine consumption of about four (women) and 5.7 (men) glasses weekly.
In all, 12% of male and 15% of female wine drinkers consumed more than seven glasses of wine per week. Four men and one woman reported drinking more than 21 glasses wine per week. The frequency distribution of wine consumption for women and men is shown in Figure 3 .
Beer
Beer consumption ( Figure 2B ) decreased with age for women but not for men. On average men drank about three times more beer than women.
About 10% of male beer drinkers but less than 2% of female beer drinkers consumed more than seven bottles per week. More than 21 bottles per week was reported from four men and from one woman (less than 1%). Note, 66% of women did not consume any beer.
Spirits
Only 73 women (14%) and 99 men (23%) drank spirits ( Figure 2C ). Spirit consumption for women was much lower than for men in all age groups. It was highest for men between 20 and 29 years and dropped to a much lower level thereafter, remaining stable. Only nine men (2%) and no woman reported drinking more than seven glasses (2 cL) per week.
Preference and avoidance of alcoholic beverages
In all, 30% of all respondents reported that they only drink wine ( Figure 4) ; this habit was more frequent in women (37%) than in men (19%). Only a low percentage drank exclusively beer (4% of women and 7% of men). Almost no respondents consumed spirits as the only alcoholic drink. Wine seemed to be the only alcoholic beverage for about one-third of respondents, while beer seemed to be more of a substitute.
The avoidance of special beverages changed with age ( Figure 5 ). Of all respondents, 23.4% (84 men and 138 women) did not drink any wine, 50.7% (139 men and 342 women) no beer, and 81.9% (330 men and 446 women) no spirits. Elderly people (60-69 years) consumed less beer and spirits than young people (20-29 years), independently of gender. Twice as many women as men did not drink beer. For wine, an association with age was observed: The number of non-wine drinkers strongly decreased with age, independently of gender. 
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Alcohol consumption
Furthermore, we analyzed the amount of consumed alcohol with respect to age, gender, and beverages per day. The alcohol intake was calculated assuming an alcohol content of 17. Due to a few very heavy drinkers, the median was much lower: 10.7 g for men and 5.3 g alcohol per day for women. Among those who consumed alcohol, the median was 11.1 g/day for men and 7.5 g/day for women. The frequency distribution of the alcohol intake is shown in Figure 6 . Figure 7 summarizes the preferences for the alcoholic beverages wine, beer, and spirits, with respect to age and gender. It illustrates that wine increasingly contributed to the alcohol consumption with increasing age, while the contribution of beer decreased.
For both men and women, the total alcohol intake increased with age, with the exception of the youngest age group (Figures 7 and 8 ). For young men, beer accounted for most of the alcohol intake and was twice as high as the contribution of wine. However, for young women, the alcohol intake from wine and beer was almost the same. With increasing age, alcohol intake from wine increased (while beer decreased) for women and remained almost constant for men ( Figure 8 ).
Alcohol consumption above the tolerable upper alcohol intake level
The self-reported data on alcohol intake per day were classified with respect to the TUAL (Figure 9 ; Tables 6 and 7 ). The majority of the respondents, about 66% of men (n = 285) and 49% of women (n = 254), were identified as moderate drinkers, with an alcohol consumption lower than the TUAL.
Heavy drinkers
Among all participants of the study, 24% of men (n = 104) and 30% of women (n = 157) drank more than the TUAL and were therefore identified as heavy drinkers. Here, an association with age was also observed ( Figure 9 and Table 4 ); a total of 16% of young men and 22% of young women drank more than the TUAL. These percentages increased with age, to about 40% for men and women in the age cohort of 60-69 years. Remarkably, among women, the percentage of moderate drinkers and abstainers decreased, while the number of heavy drinkers increased; in contrast, among men, only the number of moderate drinkers decreased, while the number of heavy drinkers increased. The percentage of abstainers remained constant.
Very heavy drinkers
Results showed that 7.2% of men (n = 31) consumed more than twice the TUAL, and as many as 1.4% of men (n = 6) consumed more than four times the TUAL, which corresponds to about one liter of wine per day (Table 4) . A similar behavior was observed for women, with 9.7% (n = 48) and 1.5% (n = 8), respectively consuming those amounts.
Discussion
Our study investigated the alcohol consumption of wine, beer, and spirits, with respect to age and gender as well as the TUAL. This study was based on a questionnaire among the adult inhabitants of Mainz who were aged between 20 and 69 years. The city of Mainz is the state capital of RhinelandPalatinate, which is one of the few members of the Great Wine Capitals global network 23 and which can also be considered as the wine capital in Germany. Mainz is located in the largest wine area of Germany.
Limitations and strength of our study
We cannot exclude the possibility that there was a strong selection bias, due to the low response rate (23.7%) to the questionnaire. Heavy drinkers may have participated less frequently in the study. There may also have been some information bias, as people may not recollect their alcohol consumption or may not report it correctly. Thus, lower values for alcohol consumption may have been given in the self-reported data. However, the age and sex distribution of our sample was similar to that of the general population of Mainz. With a sample size of about 1000 persons, we are able to estimate a true prevalence rate of 20% with a 95% CI of 19%-21%; for a very small prevalence of 1%, the 95% CI would be 0.4 to 1.6.
Alcohol consumption
On average, in 1998, about 85% of female and 95% of male Germans aged between 18 and 79 years consumed alcoholic beverages, according to a survey in Germany that included various aspects of consumption of different alcoholic beverages. 20 Our analysis focused on the consumption of wine, beer, and spirits in a city located in the middle of a wine area. However, the percentages of alcohol consumers were slightly lower in Mainz, with 79% for women and 91% for men. However, the number of alcohol consumers was higher compared with a rural population in Galicia in northwestern Spain (which includes wine growing areas as well), where it was found that alcohol was consumed by 82.5% of the male and 51% of the female study population of 20-to 64-yearolds. 24 The alcohol intake of the men in our study, with a median of 10.7 g/day, was similar to that (9 g/day) found in the German National Food Consumption Survey, but the intake for the women in our study was higher (5.3 g in our study versus 2 g for the German population).
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Preference of beverages with respect to gender and age According to Burger and Mensink, 20 the preferences of Germans for wine, beer, and spirits depend on gender, and for women, these were 61.2%, 26.5%, and 12.4%, respectively as opposed to 27.9%, 65.4%, and 6.8%, respectively for men. This is in contrast to the drinking behavior in Mainz. In our study of Mainz, wine was the preferred beverage for women as well as for men. For women, 74.2% of the alcohol intake was of wine, 24.0% of beer, and 1.7% of spirits, whereas for men, the percentages were 54.0%, 42.9%, and 3.1%, respectively.
Further, a rather high percentage of the inhabitants in Mainz drank exclusively wine. A comparison with two other German cities, Heidelberg and Potsdam, revealed that the consumption of beer was far lower in Mainz, while slightly more wine was consumed in Heidelberg than in Mainz but less than half in Potsdam. 26 In general, for Germany, the wine consumption of 20.1 liter/year/person was lower compared with Mainz (29.1 liter/year/person). 27 In addition, people in Mainz drank much less beer than in the general German population (37.5 liter/year/person versus 109.6 liter/year/ person). Thus, our study reveals an obvious difference in the drinking pattern between Germans in general and those living in the city of Mainz. This result might be explained by the fact that Mainz is located in a wine area, while the study by Burger and Mensink 20 refers to Germany, including those areas where beer is preferred. Therefore, our study supports the hypothesis that the drinking pattern depends much on the living environment.
With increasing age, more alcohol was consumed and wine was the preferred alcoholic drink for both men and women ( Figure 4 ). Our study demonstrates that beer was the preferred alcoholic drink among young men, while older men submit your manuscript | www.dovepress.com 
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Figure 9
Alcohol intake per day, for men and women, at different age cohorts. Table 6 Alcohol consumption above TUAL, in men consumed much more wine than beer. This is in contrast to the general drinking pattern in Germany. 20 The changes in the preferred beverage with age could be explained by varying taste preferences with age, as taste is considered to be the most frequent reason for drinking alcohol. 28 Average alcohol consumption above the tolerable upper alcohol intake level It is of some concern that on average, 30% women and 24% men in Mainz drank more than the TUAL. This observation is in contrast to the situation among Germans, where fewer women (15.4%) are heavy drinkers than men (30.8%). 20 In the population of northwestern Spain, a far higher percentage of men (65%) compared with woman (20%) consumed alcohol in amounts higher than the reference level for alcohol intake, as well. 24 In addition, among Germans, the maximum average alcohol consumption higher than the TUAL was found in the middle age group between 45 and 54 years, 20 whereas in Mainz, the maximum was found for people in the age group of 60 to 69 years (about 40%). The high percentage is remarkable, and one may reconsider that this rate may even be higher due to a selection bias caused by the low response rate.
A similar drinking pattern was found for very heavy drinkers with more than twice the TUAL. A total of 10.6% of male and 5% female adult Germans belong to this group, 20 which is different in Mainz. In Mainz, fewer men (7.2%) than women (9.2%) drink more than twice the TUAL, which corresponds to about 5000 men and 6700 women. Thus, for a rather large number of persons, alcohol is of major concern, since drinking far above the TUAL is certainly harmful for health. We would like to note here that we did not ask whether the alcohol was consumed at one occasion ("binge drinking") or distributed over the week.
Alcohol consumption and health
The high percentage of heavy drinkers in Germany and Mainz should be discussed in terms of the J-shaped relationship between alcohol intake and mortality found in previous studies. 11, 29 These studies have demonstrated that the relative risk of total mortality in men with a regular alcohol intake below 40 g is decreased, with a minimum ranging between 5-15 g alcohol/day/person, compared with that of abstainers. For women the risk increases with more than 25 g alcohol/day, which corresponds to twice the TUAL.
Regular consumption of alcohol is described to be harmful, causing liver cirrhosis and pancreatitis, and is also considered to be carcinogenic, especially for cancer in the mouth and esophagus, by the World Health Organization. 4, 6, 9 The European Prospective Investigation into Cancer and Nutrition study came to a similar conclusion and revealed that alcohol increases the risk for cancer. 8 However, Pinder 30 recommended handling this study carefully, since several factors were not considered, such as the discrimination between moderate and strong drinkers and the influence of other risk factors, including smoking. The kind of beverages should also be taken into consideration when investigating the health effect of alcohol. For moderate wine consumption, benefits, especially for the cardiovascular system, have been described. 11,13,29−37 This topic, however, was not the focus of our study.
However, epidemiological investigation into the relationship between alcohol consumption, dietary habits in general, and diseases can be regarded as an important tool guiding dietary education policy. 38 Social influence on the drinking pattern A relative high alcohol consumption, as observed in Mainz, is often found in areas with high social/educational status and especially among women living in a city with more than 100,000 people. 20 The latter observation is also the case in Mainz, where a larger number of women drink more alcohol than the TUAL compared with men. Mainz has about 200,000 inhabitants and can be considered as a city with a high education level. It has universities and other research facilities, with more than 50,000 students and academic staff. Furthermore, these living conditions may also explain the low consumption of spirit drinkers in Mainz, since spirit consumption is higher among people with low education and income. The university city of Mainz has a very low unemployment rate that is lower than the German average.
Conclusion
Most people in Mainz consumed alcohol in moderate amounts. However, with increasing age, the alcohol intake increased as well as the number of people drinking above the TUAL. Specific prevention actions seem to be necessary. Wine was the preferred beverage, which was expected for people living in a wine area. Whether and in which way alcohol, especially wine, is harmful to health or might be beneficial among moderate drinkers will be shown by future studies.
